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Economic	  Basics	  
•  Informa3on	  is	  an	  input	  to	  decision-‐making	  

–  The	  value	  of	  informa3on	  is	  measured	  as	  increased	  
expected	  net	  benefits	  from	  a	  management	  ac3on	  

–  Costs	  averted	  =	  benefits	  
•  Examples:	  	  	  

–  Use	  of	  surface	  imaging	  in	  choice	  of	  3llage	  prac3ces	  
increases	  farm	  produc3vity	  and	  reduces	  erosion	  

–  Atmospheric	  informa3on	  for	  3ming	  year	  and	  season	  
increases	  probability	  of	  post-‐fire	  restora3on	  success	  

•  Informa3on	  is	  used	  in	  decisions	  that	  would	  reduce	  
wildfire	  costs	  –	  for	  management	  during	  wildfire	  
suppression	  and	  prior	  to	  wildfire	  occurrence	  



Objec3ves	  of	  This	  Talk:	  Importance	  of	  
Decision-‐Making	  Framework	  

•  Informa3on	  as	  an	  input	  is	  available	  for	  use	  by	  first	  inves3ng	  in	  and	  
improving	  upon	  decision-‐making	  frameworks/models.	  	  	  
–  Several	  fire	  behavior	  models	  in	  use	  today	  rely	  on	  specialized	  earth	  

informa3on	  
•  The	  cost	  of	  the	  ini3al	  investment	  to	  develop	  models	  is	  spread	  over	  

the	  total	  sum	  of	  gains	  from	  its	  use	  to	  avert	  costs.	  	  
•  This	  talk	  will	  focus	  on	  2	  integrated	  economic/ecological/spa3al	  

models	  that	  use	  earth	  informa3on	  for	  pre-‐fire	  decisions	  that	  would	  	  
–  reduce	  the	  probability	  that	  an	  igni3on	  would	  result	  in	  a	  severe	  fire,	  
–  and	  if	  igni3on	  occurred,	  would	  reduce	  the	  costs	  of	  suppressing	  the	  fire	  

and	  also	  the	  cost	  of	  damages	  
•  In	  this	  talk,	  we	  will	  walk	  through	  the	  2	  examples	  that	  show	  

complexity	  of	  how	  informa3on	  influences	  decision-‐making.	  
–  The	  value	  of	  the	  informa0on	  and	  the	  models	  used	  are	  highly	  related.	  



2	  Pre-‐Fire	  Decision	  Examples	  

•  Fuel	  treatments	  that	  would	  reduce	  the	  severity	  
of	  Fire	  and	  improve	  post-‐fire	  restora3on	  of	  
degraded	  ecosystems	  
–  Requires	  models	  and	  informa3on	  re	  the	  dynamics	  of	  
ecosystems,	  and	  fuel	  accumula3on	  over	  3me	  to	  plan	  
3ming	  and	  spa3al	  paXerns	  of	  treatments	  

•  Design	  of	  policies	  for	  strategic	  targe3ng	  private	  
lands	  for	  defensible	  space	  investments	  
–  	  Requires	  models	  and	  landscape	  informa3on	  at	  a	  
spa3al	  scale	  that	  includes	  private	  and	  public	  lands.	  	  



Example 1: Ecological Models and 
Information and Efficient Fuels 

Treatment Strategies 

A Stylized State and Transition Ecological Model for Western Rangelands 



Develop and parameterize for 
applicable ecological models 

Mountain Big 
Sagebrush System 
- MBS 

Wyoming Sagebrush 
 System - WSS 



Decisions:  timing and outcomes 



Fuel and Restoration Treatments: 
Present Valued Net Benefits 

Expected values calculated from simulation with stochastic parameters  
run 10,000 times: 



Wyoming Sagebrush System 



Sensitivity Analysis for Uncertainty 
of Ecological Parameters 

Simulations with alternative fire-return intervals 
Treatments on initial states 1 and 2 for WSS 



Sensitivity Analysis for Uncertainty 
About Thresholds 



Sensitivity Analysis for Probability 
of Treatment Success 



Summary: 
•  Economic problem and definition of relevant units of change 
•  Optimize net returns from fixed set of resources to achieve stated 

goals  
•  Analytical Framework 

–  Measure differences between constructed/simulated “with” and 
“without” scenarios 

–  Quantify dollar-values associated with changes 
•  Biophysical changes and relationships include 

–  Time frames and dynamics: with and without scenarios 
–  Probabilistic events: stochastic effects (ignition, precip, drought) 

•  Management changes odds of outcomes  
–  Irreversibility: species loss, ecological thresholds 

•  Expected Present Value of Net Benefits 



Example	  2	  
•  Hypotheses:	  are	  private	  DF	  investment	  decisions	  influenced	  by:	  neighbors’	  

decisions,	  landscape	  type,	  fuel	  accumula3on,	  physical	  aspects	  (slope,	  
precip,	  wind	  speed,	  etc),	  fire	  figh3ng	  infrastructure?	  
–  paXerns	  of	  clusters	  of	  private	  decisions	  are	  mutually	  influen3al	  
–  Landscape	  and	  atmospheric	  informa3on	  condi3on	  private	  and	  public	  

decisions,	  as	  they	  affect	  expected	  outcomes	  of	  investments	  
–  Could	  design	  policy	  to	  exploit	  these	  rela3onships	  to	  induce	  greater	  

levels	  of	  private	  investment	  in	  defensible	  space	  
•  Policy	  contribu3on	  1:	  	  if	  so,	  then	  policies	  to	  target	  specific	  private	  

investments	  in	  DF	  can	  trigger	  further	  private	  investment	  without	  
addi3onal	  incen3ves	  

•  Policy	  contribu3on	  2:	  if	  paXerns	  of	  adjacent	  public	  lands	  treatments	  
influence	  private	  decisions	  –	  choose	  loca3on	  and	  3ming	  to	  take	  
advantage,	  when	  possible	  



Study	  of	  35	  WUI	  communi3es	  and	  adjacent	  
public	  lands	  Included	  4	  types	  of	  landscapes	  

Predominant Vegetation Types

Sagebrush Rangeland Pinyon Pine Juniper

Forest Grasslands
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Loca3ons	  of	  the	  35	  Communi3es	  

Map of Nevada with 35 WUI Communities
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Example	  of	  defensible	  space	  paXerns	  
in	  a	  community	  

Rancho Haven
48% Defensible Space; Housing Pattern: Intermixed; Primary Vegetation: Pinyon-Juniper
Woodlands

Defensible Space
D Not Present

i Present
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PaXerns	  –	  measured	  via	  spa3al	  
parameters	  (moran’s	  index)	  

•  Few	  DF	  proper3es	  within	  many	  without	  
– Hypotheses:	  	  

•  Incen3ve	  to	  invest	  is	  to	  “protect	  from	  neighbors”	  
•  Inves3ng	  in	  DF	  is	  not	  seen	  as	  effec3ve,	  where	  effec3ve	  is	  
influenced	  by	  measureable	  factors	  

•  Many	  DF	  proper3es	  and	  a	  scaXered	  few	  without	  	  
– Hypotheses:	  

•  Others’	  investments	  allow	  the	  few	  to	  “free-‐ride”	  
•  DF	  is	  effec3ve,	  with	  level	  of	  effec3veness	  influenced	  by	  
measureable	  factors	  



Data	  used	  for	  spa3al	  es3ma3on	  model	  	  	  

•  Property	  characteris3cs	  
– Minimum	  30	  feet	  defensible	  space,	  home	  value,	  
acreage,	  HOA,	  distance	  to	  nearest	  large	  fire	  in	  last	  6	  
years	  

•  Wildland	  fire	  policy	  variables	  
– Width	  of	  primary	  road,	  #	  resources	  within	  10	  miles	  
and	  per	  capita,	  #	  treatments	  on	  public	  lands	  within	  10	  
miles	  in	  last	  5	  years	  and	  last	  10	  years.	  

•  Biophysical	  variables	  
–  Community	  fuel	  load,	  landscape	  type,	  ave	  daily	  wind	  
speed,	  aspect,	  slope,	  eleva3on	  rela3ve	  to	  ave	  in	  
community,	  ave	  #	  lightening	  strikes	  within	  10	  miles	  



Results	  
•  Fire	  Protec3on	  Resources	  	  

– Nega3ve	  and	  significant	  in	  PJ	  woodlands	  and	  sub-‐
alpine	  samples	  (not	  signif	  in	  rangeland,	  grassland)	  

–  50%	  reduc3on	  in	  numbers	  of	  resources	  in	  sub-‐alpine	  
forest	  communi3es	  more	  than	  doubles	  predicted	  #	  
homes	  with	  DF	  

•  Interpreta3on	  
– Homeowners	  perceive	  more	  resources	  near	  residence	  
reduces	  risk	  of	  loss	  

•  Reverse	  Causa3on	  
–  Investment	  in	  resources	  because	  low	  private	  DF	  levels	  



Results	  

•  Hazardous	  Fuel	  Reduc3on	  Treatments	  	  
–  Posi3ve	  and	  significant	  in	  PJ	  woodlands	  and	  sub-‐
alpine	  communi3es	  (not	  in	  rangeland	  and	  grassland)	  

•  Average	  fuel	  loads	  locally	  
– However,	  higher	  average	  loads	  reduce	  homeowner	  
investment	  in	  DF	  

•  Interpreta3on	  
– Homeowners	  believe	  hazards	  on	  adjacent	  public	  lands	  
can	  be	  high	  enough	  that	  inves3ng	  in	  private	  DF	  is	  
fu3le	  



Results	  

•  Biophysical	  determinants	  of	  wildfire	  risk	  
– Predominant	  vegeta3on	  type,	  Slope,	  eleva3on	  
differen3al,	  wind	  speed,	  Fuel	  loading	  are	  	  all	  
significant	  in	  affec3ng	  DF	  decisions	  

– Homeowners	  in	  rangeland,	  PJ	  woodland	  and	  
grassland	  communi3es	  more	  likely	  to	  invest	  in	  DF	  
than	  are	  those	  in	  forested	  communi3es	  

– Explana3on:	  	  crown	  fire	  risk	  difficult	  to	  reduce	  on	  
own	  property	  alone,	  high	  costs	  of	  DF	  (include	  loss	  
of	  amenity	  values)	  



Results	  
Externalities: Results

Strategic Complements

br is positive and significant in full sample (0.6529), sagebrush rangeland
(0.6595), pinyon-juniper woodlands (0.4151), and alpine forest (0.5807)
subsamples but is not significantly di§erent from zero in grassland subsample.

Interpretation

The e¢cacy of defensible space at reducing wildfire risk is increasing in the
level of neighbors’ defensible space and this e§ect dominates the reduction in
baseline wildfire risk and the increased loss of visual seclusion.

Risk Externalities v. Post-fire Home Values

Variation in br across communities with di§erent predominant vegetation is
evidence in support of the risk externalities explanation.
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Implica3ons	  
Conclusions

Externalities

Homeowners underinvesting in defensible space due to risk externalities in
sagebrush rangeland, pinyon-juniper woodland, and alpine forest communities
but not in grassland communities.
Defensible space investments are strategic complements.
Potential for tipping policies to improve well-being in these communities.

Interaction with Other Wildland Fire Policies

Hazardous fuel reduction treatments likely promote private investment in
defensible space in pinyon-juniper woodlands and alpine forest communities.

Homeowner Knowledge

Homeowners are aware of the potential for defensible space to reduce their
wildfire risk.
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Implica3ons	  Externalities: Results
Tipping Policies

Tipping Policies

Tipping polices provide financial incentives or other inducements to encourage
homeowners to invest in defensible space with the hope that the additional
homes with defensible space will generate further homeowner investment
through strategic complementarities.

Analysis

Use estimated model to predict the number of additional homeowners that
invest in defensible space as a result of a tipping policies that target 10, 25,
40, and 60 initial homes.
1,000 randomly-drawn alternative configurations of new homes with defensible
space.

Taylor, Christman, and Rollins (UNR) WUI Defensible Space 02/15/17 32 / 38



Predic3on	  of	  #	  of	  new	  homes	  with	  DF	  
with	  a	  Tipping	  Policy	  

Results
Tipping Policies
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Thank	  You!	  

•  Ques3ons	  …	  






